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Effect of energy intake on nutritional status in maintenance hemodial-
ysis patients. Although maintenance hemodialysis (MHD) patients are
often wasted, little is known about their dietary energy needs. We
studied four men and two women in a clinical research center while they
received diets providing 45, 35 and 25 kcal/kg desirable body weight!
day; diets were fed, in random order, for 21 to 23 days each. Protein
intake, 1.13 0.02 (sEM) g protein/kg/day, was similar with all three
diets. Body weight rose with 45 and 35 kcal/kg/day (P < 0.05) and fell
with 25 kcal/kglday (P < 0.05). Nitrogen balance, adjusted for estimated
unmeasured losses, was neutral with 45 and 35 kcal/kg/day and negative
with 25 kcal/kg/day. Balance was neutral or positive in 6 of 6, 4 of 6, and
0 of 6 patients fed 45, 35, 25 kcal/kg/day, respectively. Nitrogen
balance, many plasma amino acids and changes in body weight.
mid-arm circumference, mid-arm muscle area and body fat each corre-
lated with energy intake. Resting energy expenditure was normal. The
energy intake estimated from regression equations to maintain neutral
nitrogen balance was 38.5 kcal/kg desirable weight/day; for body fat and
weight, it was 32 kcal/kg/day. These data suggest that MHD patients
have normal energy expenditure and approximately normal require-
ments for maintenance of protein balance, body weight and body fat.
An average energy intake of about 38 kcal/kg desirable weight/day may
be necessary to maintain nitrogen balance in these patients.
Although there have been many improvements in the treat-
ment of patients undergoing maintenance hemodialysis (MHD)
therapy, many studies still indicate that such patients frequently
are wasted or malnourished [1—101. Usually, the degree of
wasting is only mild to moderate although the incidence of
severe malnutrition with debility is not rare. There are probably
many factors responsible for the wasting in patients undergoing
MHD; these factors have been reviewed elsewhere [I, 21.
Several studies indicate that the energy intake of MHD patients
is about 75 to 80 percent of normal [7—10]. However, there are
almost no experimental data concerning their energy require-
ments. It is possible that the low energy intakes reflect a
decrease in their energy requirements. Alternatively, the en-
ergy needs of MilD patients may be normal or greater than
normal and their low energy intakes may reflect an underlying
anorexia which contributes to their malnutrition.
This study attempted to examine the energy requirements of
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clinically stable MHD patients who were given diets in excess,
equal, or deficient to their expected daily energy requirements.
Each subject lived in a clinical research center and was fed a
constant protein intake. We investigated the effects of varying
energy intakes on nitrogen balance, on anthropometric and
biochemical parameters of nutritional status, and on their
resting energy expenditure.
Methods
Eighteen metabolic balance studies were carried out in four
men and two women who had been undergoing maintenance
hemodialysis therapy for at least six months and were consid-
ered to be clinically stable. All studies were carried out in the
clinical research center at Harbor-UCLA Medical Center. The
study was approved by the institutional Human Subjects Com-
mittee, and informed consent was obtained from each patient.
Table I displays some nutritional and clinical characteristics
of the patients. The causes of renal failure were hypertension
(2), glornerulonephritis (3), and unknown (1). All patients un-
derwent hemodialysis for exactly four hours, three times per
week, Four patients used acetate dialysate, while patients 4 and
5 underwent bicarbonate dialysis. The artificial kidneys con-
tained Cuprophane membranes with a surface area of 0.8 m2.
Patient 4 was an exception; he was treated with a cellulose
acetate artificial kidney with a surface area of 0.9 m2. All
kidneys were reused except for the artificial kidney of patient 4.
During the study, no patient received any oral medication other
than multivitamins, aluminum hydroxide phosphate binders and
anti-hypertensive medicines. Patients 4 and 5, who were receiv-
ing monthly intramuscular anabolic steroids (nandrolone deca-
noate, 100 mg), continued to do so during the course of the
study.
Each patient received three diets that provided 45, 35 or 25
kcal/kg/day. For the dietary energy intake as well as all other
parameters based on body weight, the patient's desirable body
weight [11] rather than actual body weight was used. There
were six possible combinations of administration of the three
energy intakes. Each patient was assigned to a different order of
administration in a random manner. Diets were designed to
contain about 1.1 to 1.2 g protein/kg desirable body weight/day.
The dietary protein content with the three energy intakes,
calculated from food tables [12], was 1.12 0.02 (5EM) g/kg
desirable body weight/day. The daily dietary protein intake,
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Table 1. Characteristics of patients
Patient
Age
yrs Sex
Racial-ethnic
background
Actual
body
weight
kg
Body
surface area
m
Serum
creatinine
Serum
urea
nitrogen
Urine
volume
mi/day
Hematocrit
%
Duration
of MHD
monthsing/di
1 61 Female Black 60.6 1.64 6.1 30 465 22.4 46
2 64 Female White 73.6 1.84 6.7 32 145 27.5 6
3 46 Male Black 73.3 1.91 12.8 85 1700 34.4 8
4 43 Male White 58.0 1.78 10.4 59 0 30.1 144
5 24 Male White 51.4 1.56 8.7 40 190 17.9 13
6 42 Male Hispanic 70.5 1.84 10.3 43 0 32.8 14
Mean 46.7 64.6 1.76 9.2 48 417 27.5 40
SEM ±5.9 ±3.8 ±0.05 ±1.0 ±8.5 ±266 ±2.6 ±21
Data shown were obtained from each patient at the beginning of the first diet administered.
including medicines ingested, calculated from the measurement
of nitrogen content of duplicate diets, was 1.13 ± 0.02 g protein!
kg desirable body weight/day. High biological value protein
comprised 61 ± 2%, 69 ± 3% and 78 ± 3% of the total protein
content of the 45, 35 and 25 kcal/kg/day diets, respectively.
Four patients received one daily diet with each energy intake.
Two patients were given a two-day diet cycle; each diet was fed
every other day. The two diets had the same energy and protein
content. For each period, diets were formulated so that protein,
crude fiber and, in most instances, calcium content of the diets
remained constant throughout the entire study. The prescribed
carbohydrate and fat content with the 25 kcal/kglday diet
ranged from 1.15 to 2.45 g/kg/day and 1.59 to 3.12 g/kg!day,
respectively. Additional calories with the higher energy diets
were supplied by increasing the carbohydrate and fat content of
the diets in the same proportions as were present in the 25 kcal/
kg/day diet.
The duration of the study with each energy intake varied from
21 to 23 days. Hence, each patient was studied for at least 63
consecutive days. Diets were supplemented with calcium car-
bonate so that dietary calcium intake in each patient was at least
1,000 mg/day. Usually, 2 g!day of sodium and 50 to 70 mEq/day
of potassium were prescribed. Patients were offered 1500 to
2000 mI/day of deionized water. Patients exercised for four
minutes, four to five times per day.
Nitrogen balance studies were carried out continuously
throughout the study as previously described [13, 14]. In order
to minimize microbial growth and the possible degradation of
nitrogenous metabolites, the spent dialysate was collected in
cold containers. The dialysate was apportioned as it was
collected using a Masterfiex pump and heads (Cole-Parmer
Instrument Co., Chicago. Illinois, USA). Approximately 99%
of the dialysate was pumped into 30 gallon drums and approx-
imately 1% of the total dialysate was collected in a small
reservoir packed in ice. Immediately after the end of the
hemodialysis treatment, the volumes of the two collections
were measured and the smaller specimen was frozen. To
calculate dialysate nitrogen losses, the nitrogen concentration
of this latter sample was multiplied by the total dialysate
volume. Urine was collected in jugs containing 3 to 5 ml of 6 N
HCI and refrigerated. Urine total nitrogen was measured in 24
hour collections or in three to seven day pools, depending on
the size of the urine volume. Stools were collected in weekly
periods. Carmine red or brilliant blue were given at the start and
end of each diet to identify the seven-day fecal periods. In four
patients who had infrequent bowel movements and irregular
fecal nitrogen output, the fecal nitrogen losses for two or three
of the study diets were averaged.
Duplicate diets, prepared separately each period, rejected
food, emesis, one- to seven-day urine pools, seven-day fecal
collections and, in two patients, sputum were each analyzed for
total nitrogen. The nitrogen content of all medicines given
during the study were measured and added to the measured
dietary nitrogen intake. The amount of blood withdrawn from
each patient averaged about 5 to 7 mI/day.
Weekly nitrogen balances were calculated as the difference
between the adjusted nitrogen intake (measured daily intake
minus emesis and rejected food) and the sum of the urine, fecal
and dialysate nitrogen output. Nitrogen balance was adjusted
for changes in body urea nitrogen [13, 141, but not for unmea-
sured losses in hair, skin, integument, respiration, flatus, blood
sampling and components sequestered in or adherent to the
dialyzer, as previously described [13—15]. Nitrogen balance is
expressed in g per day.
Patients underwent weekly measurements of their triceps,
subscapular, biceps, supra-iliac skinfold thickness and mid-arm
circumference as previously described [7, 16]. Skinfold thick-
ness were measured by Lange calipers (Cambridge Instrument,
Cambridge, Maryland, USA). These measurements were per-
formed by one of the authors (MG). Total body fat was
estimated from the triceps, subscapular, biceps, and supra-iliac
skinfold thickness, except in patient I where only the first two
parameters of skinfold thickness were used. The equations of
Durnin and Womersley [17] were used to estimate total body
fat. Mid-arm muscle area was calculated as previously reported
[18]. Normal values for skinfold thickness, mid-arm circumfer-
ence and mid-arm muscle area were obtained from the studies
of Frisancho [18, 19]. Relative body weight was calculated as
the individual's body weight multiplied by 100 and divided by
the weight of normal individuals of the same age, height, sex
and frame size obtained from the HANES survey [19]. Desir-
able body weight was calculated as the patient's body weight
multiplied by 100 and divided by the desirable body weight of
individuals of the same age, height, sex and frame size reported
in the Metropolitan Life Insurance tables [10].
Resting energy expenditure was measured weekly by indirect
calorimetry as described previously [20]. In brief, patients were
fasted from 9:00 p.m. the previous night and kept at bed rest
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Table 2. Anthropometry and serurn protein at onset of studya
Relative
body
weight
Desirable
body
weight
Mid-arm
circumference
cm
Mid-arm
muscle
area
cm2
Skinfold thickness, mm Bodyfat
%
Total
protein
Serum
albumin
Patient % Triceps Subscapular gid!
1
2
3
4
5
6
92.5
94.1
97.7
73.4
77,3
96.6
107.4
111.7
98.4
77.1
85.0
100.7
33.5
30.8
28.0
23.5
22.8
32.1
42.0
41.3
42.3
29.4
26.9
53.8
28 21
17 9
7 7
4 5
4 8
8 8
43.6
34.7
15.5
6.6
7.7
19.1
7.0
6.7
8.2
6.1
5.5
8.6
4.6
3.8
4.6
4.1
3.4
5.5
Mean
SEM
886b 96.7 28.4 39.3 12 10 21.2 7.0 4.3
Normal
values
Mean
SEM
30.0 42.8 IS 15 28.0
a Data were obtained at the onset of the first diet administered.
b Significantly different from normal values, P < 0.05.
Obtained from the HANES survey as published by Frisancho 1191.
d Derived from Durnin and Womersley [17].
until the studies were completed. Before and during the energy
expenditure measurements, the room was maintained quiet and
the light in the room was kept low. The person performing the
studies noted any movements by the subject and leakages in the
mask; data obtained during such periods was excluded from
analysis. Studies began at 7:00 a.m. Subjects wore an air tight
mask with two one-way valves which was attached to a
metabolic measurement cart (Beckman Instruments, Schiller
Park, Illinois, USA). After equilibration had been reached,
which usually occurred after several minutes, energy expendi-
ture was measured continuously in one-minute collection peri-
ods for 40 minutes. Energy expenditure was calculated from the
following equation as previously described [20].
Energy expenditure (kcal/min) (3.82 x V02) + (l.23
VCO2) — (6.0 x UNA)
Where V02 is the rate of oxygen uptake (I/mm), VCO is the
rate of carbon dioxide expiration (I/mm), and UNA is the urea
nitrogen appearance (mg/mm), assumed to be 6.0 mg/mm in
MHD patients. Energy expenditure was expressed per 1.73 m2
of the patients' actual (not desirable) body surface area.
Blood for laboratory analyses was drawn between 7:30 and
8:30 a.m. after an overnight fast. Plasma samples for measure-
ment of amino acid levels were deproteinized and measured
with a Beckman 121 MB Amino Acid Analyzer as previously
described [21]. Nitrogen was measured by the metabolic labo-
ratory at the Wadsworth Veterans Medical Center by a modi-
fied macro-Kjeldahl technique [13, 14]. Recovery studies for
nitrogen measurements were performed on food, dialysate,
urine and fecal specimens and ranged from 95% to 110%. Serum
total protein, albumin, creatinine and urea were measured in the
hospital clinical laboratory. For assessment of the plasma
amino acid concentrations, the patients' values were compared
to levels obtained from a normal group of 14 men and 8 women
in whom blood was obtained after an overnight fast. Their mean
ages were 44 3 and 47 3 years, respectively.
Statistical analyses were performed with the Student's paired
and non-paired 1-test. When comparisons between the three
diet treatments were made, statistical significance was assumed
only if the P value was less than 0.05 by both analysis of
variance (ANOVA) and Newman-Keuls analysis [22]. For the
analysis of the plasma amino acid concentrations, the modified
Bonferroni method (3P < 0.05) was used to compare the plasma
concentrations obtained after each of the diets with the normal
controls. The value for statistical significance was taken as P <
0.05 divided by 3 orP <0.0167. The distribution of values in all
groups satisfied the Wilk-Shapiro test for normal distribution (P
< 0.05) unless otherwise stated. Linear regression analyses
were also performed. Variance is expressed as the standard
error of the mean. All statistical calculations were performed on
the Clinfo software package (Bolt, Beraneck and Newman,
Cambridge, Massachusetts, USA).
Results
Anthropometric parameters and serum proteins of the pa-
tients at the onset of the study are given in Table 2. Relative
body weight, which compares the patients' body weight to
normals (Methods), was reduced. This was the only nutritional
index that was significantly abnormal. Skinfold thickness and
mid-arm muscle area also tended to be lower in the men but not
in the women. Serum total protein and albumin concentrations
were not abnormal in the patients.
The changes in anthropometric parameters with each energy
intake are shown in Table 3. There was a significant increase in
body weight during treatment with both the 35 and 45 kcal/kg/
day diets and a significant fall in body weight with the 25 kcal/
kg/day diet. Hence, the change in body weight was significantly
greater with the 35 and 45 kcal/kg/day diets as compared to the
25 kcal/kg/day intake (P < 0.05, Newman-Keuls analysis).
Although the mean weight gain was highest during intake of the
45 kcal/kg/day diet, this value was not significantly different
from the weight gain with the 35 kcal/kg/day diet. There was no
change in triceps or subscapular skinfold thickness with any
energy intake. However, total body fat, calculated from the
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Table 3. Changes in anthropometry with each energy intakea
Energy intake
kcal/kg
desirable body
weight/day
Number
of
subjects
Weight
change
kg
Change in
relative
body
weight %
Change in
mid-arm
circumference
cm
Change in
mid-arm
muscle
area cm2
Change in skinfold
thickness, cm Change
in body
fat %Triceps Subscapular
45.4 6 +2.2IC 29b.c +1.2 +4.6 —0.1 +0.4 25b.c.d
±0.3 ±0.6 ±0.8 ±1.1 ±3.4 ±1.4 ±0.3 ±0.8
35.2 6 08b.c + 11b.c 05h 30b +0.4 +0.8 +0.1
±0.2 ±0.3 ±0.4 ±0.2 ±0.9 ±0.4 ±0.5 ±0.3
25.0 6 —1.3 —4.6 +0.2 +0.4 —0.9
±0.1 ±0.6 ±0.7 ±0.6 ±3.4 ±1.1 ±0.3 ±0.6
Mean ± SEM
a Calculated as the difference between the value obtained at the termination and onset of each energy intake.b Different from zero P < 0.05.
C Different from values obtained with the 25 kcallkg/day diet.d Different from values obtained with the 35 kcal/kg/day diet, P < 0.05 by ANOVA and Newman-Keuls analysis.
Values are not of normal distribution by Wilk-Shapiro analysis, P < 0.05.
skinfold thicknesses and body weight of the patients, increased
significantly only with the 45 kcal/kglday intake (P < 0.05); the
change in body fat with this latter diet was significantly greater
than with either the 25 or 35 kcal/kg/day diets (P < 0.05,
Newman-Keuls analysis).
There was a significant increase in the mid-arm circumfer-
ence and mid-arm muscle area only during intake of the 35 kcal/
kg/day diet. There was no difference in the changes in these
parameters between the three diets, although both mid-arm
circumference and muscle area tended to decrease only with the
25 kcal/kg/day intake. There was a direct correlation between
energy intake and changes in body weight (P < 0.001, Fig. 1),
mid-arm circumference (P < 0.03), mid-arm muscle area (P <
0.04) and body fat (P < 0.005). On the other hand, changes in
either triceps or subscapular skinfold thickness did not corre-
late with energy intake.
The nitrogen balance data, obtained during the stable period
when patients appeared to be at or near equilibrium, are
summarized in Table 4 and Figure 2. Mean nitrogen balance,
adjusted for changes in body urea content but not for unmea-
sured losses, was significantly positive with 45 kcal/kg/day and
not different from zero with 35 or 25 kcal/kg/day. Balance was
significantly more positive with the 45 and 35 kcal/kg/day diets
as compared to the 25 kcal/kg diet. There was no significant
difference between the nitrogen balances with the 35 and 45
kcal/kg/day diets.
There was a direct correlation between energy intake and
nitrogen balance (Fig. 2). For each patient, the most negative
nitrogen balance was observed when the individual was fed the
25 kcal/kglday intake (Table 4, Fig. 2). In four of the six
patients, the most positive nitrogen balance was observed when
they ate the 45 kcal/kglday intake.
Unmeasured nitrogen losses from skin, nail and hair growth,
sweat, respiration, tooth brushing, blood drawing, blood se-
questered in the dialyzer, and blood components that adhered
to the dialyzer membrane and tubing are estimated to be
between 0.5 to 1.0 g per day [13—15]. If the mean nitrogen
balances are adjusted for these estimated losses, they would be
neutral with the 45 and 35 kcallkg/day intakes and significantly
negative with the 25 kcal/kg/day diet. Nitrogen balances after
adjustment for unmeasured losses of 0.5 g/day were neutral or
positive in all of the patients fed 45 kcal/kglday, in four of the
Weight change (kg): —1.50 ± 0.56 +0.82 ± 0.31 + 2.18 0.62
Pvs. 25 kcallkg: <0.05 <0.05
Fig. I. The direct correlation between the dietary energy intake and
the change in body weight during each intake. Subjects were six
maintenance hemodialysis patients who were living in a clinical re-
search center. Circles indicate values from an individual patient. Open
circles indicate the two female patients. Thin lines connect data from
the same individual. The heavy line indicates the least square regression
line.
six patients fed 35 kcal/kg/day and in none of the six patients
given 25 kcal/kg/day.
In general, the fasting plasma amino acid pattern of the MHD
patients, obtained at the end of feeding each dietary energy
intake, was typical of that previously reported for patients with
advanced chronic renal failure (Table 5) [21, 23J. Thus, with
each dietary intake, the MHD patients, in comparison to normal
controls, displayed low plasma valine and tyrosine levels as
well as a decreased ratio of valine to glycine, tyrosine to
phenylalanine, and total essential to nonessential amino acids
+6.0
+4.0
+2.0
S
0
.0
.5 0
w
Co
0
—2.0
—4.0
y = 0.18x — 5.87
r = 0.79
P< 0.001
25 35 45
Energy intake
kcal/kg desirable body wt/day
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Table 4. Nitrogen balance in patients receiving different energy intakesa
Energy intake
kcal/ day Order of
administration
of dietsb
Duration
of study
days
Stable
period
days
Nitrogen
intake
Adjusted
nitrogen
intaked
Urine
nitrogen
Fecal
nitrogen
Dialysate
nitrogen
Nitrogen
outputc
Adjusted
nitrogen
balance
Patient
per kg desirable per kg actual
body weight body weight giday
I
2
3
4
5
6
Mean
SEM
46.5 46.0
45.0 40.3
44.9 45.6
45.4 58.4
45.0 52.9
45.3 45.0
45.4 48.0
2
2
I
21
23
21
21
21
21
7
16
14
14
14
7
11.7
10.8
11.0
13.0
13.4
11.2
12.7
12.00
10.8
10.9
13.0
13.4
11.2
12.7
12.00
0
0
0.34
1.22
1.60
1.53
1.82
1.14
1.70
1.50
7.73
8.32
10.59
10.72
8.62
10.93
9.48
9.82
10.32
12.70
12.54
9.96
12.63
11.33
+0.75
+1.17
+0.46
+0.71
+1.21
+0.57
+0.8l'
1
2
3
4
5
6
Mean
SEM
36.1 35.8
35.0 31.3
35.0 35.6
35.3 45.4
35.0 41.2
34.7 34.5
35.2 37.3
2
2
3
3
21
21
21
21
21
21
14
7
14
7
14
7
10.5
11.0
11.5
13.5
14.0
11.2
12.8
12.19
11.0
11.4
13.4
14.0
11.2
12.8
12.18
0
0
0.32
0.68
1.15
0.99
1.60
1.14
1.70
1.21
7.40
9.15
10.52
12.07
8.80
11.90
9.97
8.86
10.50
12.35
13.67
10.06
13.75
11.53
+2,09
+0.68
+1.02
+0.06
+0.61
—1.02
+0.57"
1
2
3
4
5
6
Mean
SEM
25.3 25.0
25.0 22.4
24.3 24.7
25.2 31.2
25.0 30.0
25.2 25.0
25.0 26.4
1
1
2
21
21
21
23
21
21
7
14
14
16
14
7
11.7
10.4
11.0
13.7
13.7
11.4
12.7
12.13
10.4
10.8
13.7
13.7
11.4
12.7
12.12
0
0
1.14
1.36
1.27
8.62
10.08
12.06
13.85
9.64
12.32
11.10
10.50
11.27
14.73
15.53
11.09
13.68
12.80
+0.30
—0.20
—0.90
—1.62
+0.17
—0.93
—0.53
Mean SEM
Balance data were obtained during the stable period which is the time after patients had stabilized or equilibrated on each diet.
b Numbers refer to the chronological order in which the diets were administered to a given patient.
C Refers to the period in which nitrogen balance had equilibrated and was no longer changing.
d Refers to the measured nitrogen intake minus the nitrogen content of rejected or vomited food.
Sum of urine, fecal and dialysate nitrogen.
Indicates nitrogen balance adjusted for change in body urea but not for losses from skin, nails, respiration or blood drawing.
g Significantly different from zero, P < 0.05.
"Significantly different from values obtained with 25 kcal/kglday diet by ANOVA and Newman-Keuls analysis, P < 0.05.
(Table 5). On the other hand, plasma cystine and and
N-methylhistidine were increased in the MHD patients.
Plasma aspartic acid was also elevated in the MHD patients.
There was a direct correlation between the plasma values of
most amino acids and the dietary energy intake (Table 5).
Moreover, the sum of plasma total essential amino acids, total
nonessential amino acids and total amino acids each correlated
directly with the energy intake. Since the plasma amino acid
concentrations were often lowest with the 25 kcallkg/day diet,
more amino acid values were below normal with this intake
than with the higher energy diets. This was particularly true for
the essential amino acids; upon completion of the 25 kcal/kg/
day diet, the levels of most of these compounds as well as total
essential amino acids were significantly below the normal
values (Table 5). In contrast none of the nonessential amino
acid levels were decreased with the 25 kcal/kglday intake.
Excluding the methylhistidine values, there were seven abnor-
mal amino acid concentrations observed with the 45 kcal/kglday
diet. However, for five of these amino acids, the concentrations
were increased above normal (Table 5). The increased concen-
trations were observed more frequently for nonessential amino
acids. For the 35 kcal/kg/day diet, the number of abnormally
low essential amino acids and increased nonessential amino
acids was approximately midway between that observed with
the 25 and 45 kcal/kg/day intakes.
The resting energy expenditure in the six patients, measured
at the end of the 45, 35 and 25 kcal/kg/day diets were 0.98
0.06, 1.00 0.09 and 0.98 0.09 kcallminll.73 m2, respec-
tively. These levels of resting energy expenditure were not
different from our previously published values for normal men
and women (0.94 0.07 kcal/min/l.73 m2), men and women
undergoing MHD (0.97 0.025), or non-dialyzed men and
women with advanced chronic renal failure (0.91 0.06) [23].
There was no significant correlation between the dietary energy
intake and the resting energy expenditure values (r = —0.02, N
= 18). Serum total protein, albumin, cholesterol, creatinine and
urea nitrogen and the hemalocrit did not vary with the diets.
Discussion
It has been frequently observed that patients undergoing
MHD often are wasted or malnourished [1—10] and that their
dietary energy intake is often less than normal [7—10]. Since a
low energy intake could cause wasting, the present study was
undertaken to ascertain the energy intake necessary to maintain
protein and fat balance in these individuals. The MHD patients
were fed, in a clinical research center, a diet providing about 1.1
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g protein/kg desirable body weight/day because this is similar to
what has been considered to be required by MHD patients [24].
The individuals who participated in this study were clinically
stable. Two of the patients (patients 4 and 5) had evidence for
wasting (Table 2), whereas the others appeared to be well
nourished. Hence, the patients evaluated could be considered a
representative group of MHD patients.
The results of this study indicate that a diet providing 25 kcal/
kg/day was frequently associated with a fall in body weight,
negative nitrogen balance (adjusted for unmeasured nitrogen
losses), and low plasma amino acid levels. An intake of 35 kcal/
kg/day was associated with an increase in body weight, neutral
nitrogen balance and less abnormal plasma amino acid concen-
trations, On the other hand, the 45 kcal/kglday intake promoted
an increase in body fat and body weight, more positive nitrogen
balance, and plasma amino acid levels that were more likely to
be increased.
It is pertinent that there was a direct correlation between the
level of energy intake (kcal/kg desirable body weight/day) and
the changes in body weight, mid-arm muscle circumference,
mid-arm muscle area and body fat, the nitrogen balance and the
plasma concentrations of many amino acids (Tables 5 and 6).
Indeed by using linear regression equations, one can calculate
the theoretical energy intake at which nitrogen balance and the
anthropometric parameters would be in a steady state (that is,
in unchanging or neutral balance; Table 6). These calculations
should give an estimate of the mean intake necessary to
maintain neutral balance or the status quo for a given nutritional
parameter. The results indicate that neutral balance may be
obtained for the above mentioned parameters when the energy
intake is between 32 and 38 kcal/kg desirable body weight/day.
The highest of these calculated energy intakes, 38.5 kcallkg/
day, is for the nitrogen balance adjusted for unmeasured losses
estimated to be 0.5 g/day.
This level of energy intake is similar to that recommended for
normal individuals undergoing light physical activity [25]. The
observation that the energy expenditure of the MHD patients
was not different than normal (Results and reference 20) also
suggests that their dietary energy requirement should be nor-
mal. An intake of 38 kcal/kg/day is more than MHD patients
normally ingest [7—101. The finding that virtually every nutri-
tional survey of MHD patients indicates that they are wasted is
in agreement with the possibility that their energy require-
ments, on average, are greater than their usual energy intake.
The estimated energy intake necessary to maintain total body
fat or weight (32 kcal/kg/day) was less than the estimated intake
needed to maintain nitrogen balance (38 kcal/kg/day; Table 6).
The discrepancy may be due to the variability in a rather small
number of patients. However it is also possible that the uremic
condition [26, 27] and/or hemodialysis therapy [28] may in-
crease the energy needed for protein balance. Experimental
data suggest that increasing protein intake may reduce the
energy intake necessary to maintain nitrogen balance [29, 301.
Hence, if the dietary protein is elevated or reduced from the 1.1
glkg desirable body weight/day used in the present study, it is
possible that the energy intake necessary to maintain neutral or
positive nitrogen balance also might fall or rise. It will be
necessary to test this question experimentally.
It is important to emphasize that the energy intake is ex-
pressed per kg desirable body weight. Thus, for MHD patients
of normal or greater than normal body weight, who therefore
have greater than 100 per cent of desirable body weight, their
recommended daily energy intake will be less than 38 kcal/kg of
their actual body weight. On the other hand, for wasted
individuals the recommended daily intake would exceed 38
kcal/kg of their actual weight. It should be emphasized that
these observations were obtained from only six patients; further
studies would be helpful to define the energy requirements of
MHD patients more precisely.
The finding that resting energy expenditure did not vary with
energy intake is consistent with our previous observations in
nondialyzed patients with chronic renal failure [31]. Normally,
basal or resting energy expenditure tends to fall when energy
intake is decreased [32]. Our inability to detect this phenome-
non in our MHD patients may indicate that each energy intake
was not fed over a sufficient period of time or that the range of
energy intakes (25 to 45 kcal/kg/day) was not sufficiently great
to demonstrate this relationship. Alternatively, MI-ID patients
may not be able to conserve energy when energy intake is low.
This latter possibility, if correct, may be another reason why
patients with chronic renal failure frequently develop malnutri-
tion.
There was a major effect of energy intake on the plasma
amino acid concentrations obtained after an overnight fast
(Table 5). Most amino acid levels rose as energy intake in-
creased. Indeed, whereas with the 25 kcal/kg!day diet many
plasma amino acid concentrations were significantly below
normal, with 35 kcal/kg/day many amino acid concentrations
+2.0—
+1.0 —
0—
—1.0 —
—2.0 —j
Pvs. 25 kcallkg:
25
y = 0.067x — 2.08
r = 0.62
P < 0.01
<0.05
I I
35
<0.05
I I
45
Energy intake
kcal/kg desirable body wt/day
Fig. 2. The direct correlation between dietary energy intake and nitro-
gen balance, after equilibration on each diet, in six patients undergoing
maintenance hemodialysis while they lived in a clinical research center.
Symbols are defined in the legend to Figure 1.
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Table 5. Fasting plasma amino acid levels in MHD patients fed three energy intakes and in normal controls
Plasma amino acid concentrations pjnol/hter Correlation between
energy intake and
amino acid valuesMaintenance hemodialysis patients energy intake kca!/kg/-day Normal
adults (22)45 (5) 35 (5) 25 (5) P r
Essential
Histidine 85 5a,b 69 5C 64 3C 87 3 <0.0! 0.68
Isoleucine 71 7 59 4 52 4 61 3 <0.05 0.64
Leucine 127 8 111 5 101 7 123 6 <0.05 0.60
Lysine 184 20 158 7 146 13C 195 8 0.48
Methionine 29 3b 22 2C 17 3C 28 1 <0.005 0.73
Phenylalanine 57 5 46 3 43 3C 55 2 <0.05 0.63
Threonine 173 7 145 12 126 17 152 9 <0.05 0.59
Valine 153 5' 158 5C 154 13 226 12 —0.04
Total essential 879 48 767 27 702 55C 927 34 <0.05 0.62
Semiessential
Cystine 139 15C 104 6 Ill 20C 51 4 0.34
Tyrosine 38 5C 29 3 26 l 61 3 <0.05 0.57
Nonessential
Alanine 476 53 428 38 330 19 432 25 <0.05 0.60
Arginine ill a 109 a 90 8 97 4 <0.01 0.64
Asparagine 69 59 4 51 3 46 3 <0.005 0.70
Aspartic acid 25 c 28 5C 25 2C 7 I 0.01
Glutamic 581 45 566 33 500 38 516 31 0.37
acid pius
Glutamine
Glycine 450 5T 359 58 315 45 277 28 0.44
Ornithine 67 5 56 7 49 7 67 14 0.46
Proline 311 23' 224 15 215 29 201 11 <0.05 0.62
Serine 93 4 87 9 77 8 108 5 0.36
Taurine 54 9 50 13 41 Ii 44 3 0.19
Total 2242 7l 1967 118 1692 80 1794 86 <0.005 0.75
Nonessential
Total Amino 3298 69b 2867 151 2531 136 2833 116 <0.001 0.77
Acids
N'-methy1histidine 51 I1 55 21C 121 32 3 1 <0.05 —0.54
N'-methylhistidine
Essential/nonessential
42 9C
0.40 0.03c
3! 4C 38 6
0.39 0.02c 0.4! 0.02c
4 1
0.53 0.02
0.13
0.l4
Valine/glycine 0.36 0.05c 0.48 0.07c 0.53 0.08c 0.89 0.06 —0.43
Serine/glycine 0.31 0.02 0.31 0.04 0.35 0.03 0.43 0.02 —0.21
Tyrosine/phenylalanine 0.66 0.04c 0.62 0.04c 0.60 0.02' 0.89 0.06 0.33
Mean SEM; parentheses indicate number of subjects in each group. Amino acid values from patient 6 were not available at any energy intake.
For technical reasons, citrulline could not be measured. Significantly different from values obtained with diets of a 25 kcal/kg/day, b 35 kcal/kglday,
P < 0.05 by ANOVA and Newman-Keuls analysis.
Significantly different from normal concentrations using the Bonferroni method; the value for statistical significance was taken as P < 0.05
divided by 3 or P < 0.0167.
became normal, and with the 45 kcal/kg/day intake some amino
acids were abnormally increased. Since the 25 kcal/kg/day diet
provided a slightly higher proportion of high biological value
protein than did the other two diets (Methods), it is unlikely that
differences in the quality of the protein ingested could account
for the higher concentrations of many plasma essential amino
acids with the 45 kcal/kglday diets. It is puzzling that in
nondialyzed patients with advanced chronic renal failure, we
observed that the plasma concentrations of several amino acids
varied inversely with the energy intake [311. The reason for the
discrepancy between these latter results and the present find-
ings is unknown.
The plasma amino acid pattern in patients with chronic renal
failure is unique to this condition. The causes for this abnormal
amino acid pattern include impaired synthesis or catabolism
Table 6. Relation between energy intake (X)a and nutritional
response (y)
Value of x
when y is
Change in nutritional Correlation unchanging
parameter N = 18 coefficient P value (y = 0)
Body weight kg 0.79 <0.001 32.4
Nitrogen balance g/day 0.62 <0.01 31.1
Nitrogen balance minus 0.62 <0.01 38.5
unmeasured losses
g/day1'
Midarm circumference cm 0.53 <0.03 34.1
Midarm muscle area cm2 0.50 <0.04 33.0
Body fat % 0.66 <0.005 32.0
a Expressed as kcal/kg desirable body weight/day.b Unmeasured nitrogen losses were assumed to be 0.5 g/day for these
calculations.
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[33], reduced urinary excretion [34], and low protein intake [1].
The present study indicates that in MHD patients, a decreased
energy intake also causes abnormally low plasma concentra-
tions of many essential amino acids.
In summary, the results of this study indicate that energy
expenditure and the energy intake necessary to maintain nitro-
gen balance, body weight and body fat are not reduced in stable
MilD patients undergoing light physical activity, at least when
patients ingest a dietary protein intake of 1.13 0.02 g/kg/day.
Thus, the low energy intakes frequently observed in MHD
patients are not an adaptive response to decreased energy
expenditure and may reflect persistent anorexia. The frequently
observed low energy intakes of MHD patients may contribute
to their high incidence of wasting and malnutrition.
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